Abstract
INTRODUCTION
The number of distal humerus fractures in the elderly has
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Online Submissions: http://www.wjgnet.com/esps/ Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx doi:10.5312/wjo.v5.i3.368 increased in the last decades. Palvanen et al [1] reported that in Finnish women the annual rate of osteoporotic fractures of the distal humerus increased from 11 per 100000 in 1970 to 30 per 100000 in 1995 with a 9-fold increase in women aged > 80 years. In elderly patients with poor bone quality the fractures are often complicated by multiple fragments and articular involvement which can lead to pain, joint stiffness and impaired elbow function. The results after open reduction internal fixation (ORIF) in elderly with complex fractures of the distal humerus are highly variable with many failures and often poor outcome [2] [3] [4] [5] [6] [7] [8] [9] . Studies have reported good results of primary total elbow arthroplasty (TEA) in the treatment of complex distal humerus fractures in the elderly [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Data from these studies shows that out of 194 operated elbows 10 (5.2%) received component revision. Ten (5.2%) were treated for varying degrees of infection. Sixteen (8.2%) had varying degree of ulnar nerve symptoms. The mean Mayo Elbow Performance Score (MEPS) was 91.
To our knowledge only 2 studies compare ORIF with TEA in treatment of distal humerus fractures. Frankle et al´s [16] retrospective review compares 12 ORIF´s with 12 TEA´s in patients older than 65. They found that 25% of the ORIF group was converted to TEA due to fixation failure. According to the MEPS 67% scored excellent or good in the ORIF group whereas 100% in the TEA Group scored excellent or good [16] . McKee et al´s [20] prospective, randomized trial compares 20 patients in each group ORIF/TEA with a mean age of 78. They found that 25% of the ORIF was intra-operatively converted to TEA. According to MEPS 53% of the ORIF group scored excellent or good whereas 100% in the TEA group scored excellent or good [20] . We retrospectively reviewed a consecutive series of patients treated with TEA for complex fractures of the distal humerus. Our aim was to report short-to mediumterm outcome after total elbow arthroplasty on complex fractures of the distal humerus.
MATERIALS AND METHODS
Between January 2006 and October 2012, we treated 24 patients with primary total elbow arthroplasty for complex fracture of the distal humerus using the CoonradMorrey semi-constrained prosthesis. Twenty out of 24 patients were retrospectively reviewed. Three patients had died and one we were not able to reach: The indications for surgery were 1: AO type B3 or C3 or Sheffield type 3 fracture and age above 65 or 2: fracture and severe rheumatoid arthritis. Two patients were younger than 65. They were both planned to have ORIF but were intraoperatively converted to arthroplasty because of inability to reach an acceptable reduction and fixation of the multiple fragments of the fracture. 17 patients had a type C3 fracture according to AO classification [21] , 2 had type A2 fracture and 1 had a B3 fracture. According to the Sheffield classification [22] 18 had a type 3 fracture, 2 had a type 1 fracture. Two patients also suffered an ipsilateral olecranon fracture. Mean age was 77 (range, 55-95). Fifteen fractures involved the dominant extremity and five the non-dominant extremity. The mean interval between injury and operation was 9.1 d (range and the mean postoperative stay was 1.8 d (range 1-4). Mean follow-up time was 21 months (range 4-52).
Nineteen patients were clinically examined and interviewed by the first author. 1 patient was interviewed by phone and did not have clinical function measured or radiographs taken. Clinical function was reviewed using the Mayo Elbow Performance Score [23] . Furthermore patients were asked to rate their overall satisfaction on a four-part ranking scale: "poor", "fair", "good" or "excellent". The range of motion was measured using a hand-held goniometer [24] . Stability of the joint was determined based on history and physical examination. Radiographs were taken within few days of the clinical examination. They were evaluated to determine radiolucent lines. Primary radiographs and in some cases CT-scans were reviewed to classify the fractures
Technical details
The Coonrad-Morrey semi-constrained total elbow prosthesis was used in all cases [25] (Figure 1 ). The patients were placed in a lateral supine position. A tourniquet was used. A midline skin incision was made and the ulnar nerve identified and protected throughout the procedure. The triceps was split by a reversed Y-shaped incision. The radial head was excised to the level of the annular ligament. The distal humerus was then resected and the humeral and ulnar medullary canals were reamed. Trial components were inserted and range of motion was checked. Then the canals were cemented and the prosthesis inserted and assembled. The triceps were sutured and the skin closed in layers. An extension splint was used for two weeks to allow wound healing. Physiotherapy was begun at day 14 d postoperative.
In one case the patient prior had an ipsilateral olecranon fracture, treated with two Kirschner wires and cerclage. The osteosynthesis material was left in situ during the implantation of the TEA. In another case the patient at the trauma sustained an ipsilateral olecranon fracture and intercondylar distal humerus fracture. In this case the TEA was implanted through the olecranon fracture with preservation of the triceps tendon, followed by osteosynthesis of the olecranon fracture, using two Kirschner wires and cerclage. The cerclage but not the Kirschner wires were later removed.
RESULTS
The average MEPS was 94 (range 65-100) ( Table 1 ).
According to the MEPS there were 15 patients with excellent results, 4 good and 1 fair. Fifteen patients had no pain, 4 had mild pain and only 1 had moderate pain. Mean arc of flexion was 114 (80-140) degrees. Mean forearm rotation was 165 (range 110-180) degrees. Two patients were revised because of deep infection. The infected patients were after the revision treated with oral antibiotics for respectively two and three months and were respectively one and two months hereafter found 
Research frontiers
TEA is a relatively new treatment option for distal humeral fractures. In this study the authors report acceptable short-to medium-term results.
Innovations and breakthroughs
Studies have reported good results of primary TEA in the treatment of complex distal humerus fractures in the elderly. Data from these studies shows that out of 194 operated elbows 10 (5.2%) received component revision. Ten (5.2%) were treated for varying degrees of infection. Sixteen (8.2%) had varying degree of ulnar nerve symptoms. This study shows comparable results in a Scandinavian context with average Mayo Elbow Performance Score of 94.
Applications
This study suggests that TEA on fractures of the distal humerus in elderly patients can result in acceptable short-to medium-term outcome. However, the optimal treatment for complex fractures of the distal humerus has yet to be determined.
Terminology
The Mayo Elbow Performance Score is used in most studies where the results of operative intervention in distal humerus fracture are reported. The total score reflects pain, range of movement, stability and function.
Peer review
This is a well written case series with appropriate documentation and referencing for the problem discussed. As noted, this is a complex problem with a relatively high rate of complications.
without clinical or biochemical signs of infection. In two cases the 2-piece locking pin had loosened. One patient was re-operated with insertion of a new locking pin, the other patient is followed at yearly controls. Two patients reported dysaesthesia of their 4 th and 5 th finger, but were both able to discriminate between sharp and blunt impact. In total 6 complications were observed ( Table  2 ). The patients reported their results as: 8 excellent, 10 good, 2 fair and none poor.
DISCUSSION
Comminuted distal humerus fractures in elderly are difficult to treat. The standard treatment for younger patients is ORIF. In the elderly, however, this treatment often results in less good results. John et al [4] had 20% fair and poor results in their series of 49 elderly patients with distal humerus fractures treated with ORIF. Kocher et al [6] had 25% fair and poor results in their retrospective review of 33 cases. Korner et al [7] had 42% fair and poor results in their retrospective review of 45 patients. An older review by Helfet et al [2] reported less good results in 25% in a compilation of 9 studies made from 1985 to 1990. Current studies on TEA in distal humerus fracture mainly consist of small case series [10] [11] [12] [13] [14] [15] [17] [18] [19] , a retrospective case-control study [16] , and a randomized trial [20] . Our study shows comparable results with 95% good or excellent results.
The Coonrad-Morrey semi-constrained elbow prosthesis has been reported to be an effective treatment for patients with rheumatoid arthritis (RA). Gill et al [26] found 86% good or excellent result with the Coonrad-Morrey prosthesis at 10-15 years follow-up on 41 RA patients. The rate of survival of the prosthesis was 92.4%. Park et al [27] had an 8 years survival rate of 100% in 35 RA patients. Plaschke et al [28] showed that TEA revision can give a good outcome. At 4.4 years follow up 20 patients scored mean 79 according to MEPS. The mean age of the TEA´s was 9.5 years before revision [28] . Wang et al [29] concludes in a Cochrane review from 2013 that the quality of the available evidence is limited and more studies are needed to determine the most appropriate surgical intervention for AO Type C distal humerus fractures in adults.
We acknowledge that this is a relatively short term retrospective study with no control group. Randomized studies are needed to assess the outcome after interventions for complex fractures of the distal humerus
In conclusion, our study suggests that TEA on fractures of the distal humerus in elderly patients can result in acceptable short-to medium-term outcome. However, the optimal treatment for complex fractures of the distal humerus has yet to be determined.
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Background
Osteoporotic fractures of the distal humerus have increased within the last 40 years. The results of osteosynthesis on distal humerus fractures in elderly are
